ABSTRACT purpose. To compare the outcome in patients who underwent surgery for unstable intertrochanteric femoral fractures using the proximal femoral locking plate versus the dynamic hip screw (DHS). Methods. 15 men and 5 women aged 32 to 78 (mean, 55) years were randomised to the proximal femoral locking plate group, whereas 14 men and 6 women aged 38 to 75 (mean, 59) years were randomised to the conventional 135º DHS group. The time to union, medialisation of the shaft, neck-shaft angle, limb shortening, varus collapse, and functional outcome (using the Hospital for Special Surgery Hip Rating System) were assessed. results. Respectively in the locking plate and DHS groups, the mean times to union were 14.6 and 16.5 weeks (p=0.067) and the mean limb shortenings were 0.3 and 1.4 cm (p<0.001). Medialisation of the shaft occurred in 0 and 15 patients (p<0.0001); varus collapse occurred in 2 and 5 patients (p=0.408); the functional hip score was good-to-excellent in 18 and Proximal femoral locking plate versus dynamic hip screw for unstable intertrochanteric femoral fractures Address correspondence and reprint requests to: Dr Anoop C Dhamangaonkar, 2/28, Madhavi Soc., Mogal Lane, Matunga (W), Mumbai, 400016, India. Email: anoopd_7@yahoo.com Journal of Orthopaedic Surgery 2013;21(3):317-22 11 patients (p=0.031); deep wound infection occurred in 3 and 2 patients; and implant cut-out occurred in one patient each group. conclusion. A non-collapsing locking plate achieved bone union in unstable intertrochanteric fractures with lower risks of limb shortening and medialisation of the shaft.
Materials and Methods
This study was approved by the ethics committee of the hospital. Informed consent of each patient was obtained. 44 patients underwent surgery for unstable intertrochanteric fractures, 4 of whom were lost to follow-up, and the remaining 40 were analysed. 15 men and 5 women aged 32 to 78 (mean, 55) years were randomised to the proximal femoral locking plate group (Universal Orthosystems, Gujarat, India) [ Fig.  1 ], whereas 14 men and 6 women aged 38 to 75 (mean, 59) years were randomised to the conventional 135º DHS group. Randomisation was based on the odd and even serial numbers at presentation. The modes of injury in the respective groups were: road traffic accident (n=12 & 6) and fall (n=8 & 14) . Children and patients with compound fractures and associated head, chest or abdominal injuries were excluded.
The mean intervals from injury to surgery were 12.4 and 12.2 days for the locking plate and DHS groups, respectively. The elapsed times were largely due to late referrals and patient fitness for surgery. Preoperative skeletal traction was provided. Radiographs were taken; fractures were classified according to the AO classification. The neck shaft angle of the affected and the opposite normal hips was measured, and involvement of the greater (lateral wall) and lesser (posteromedial buttress) trochanters was noted. The fractures were stabilised using upper tibial skeletal traction until surgery, and reduced by closed means on a fracture table under image intensification. DHS fixation was performed using conventional techniques.
For plate fixation, a small 4-hole proximal femoral locking plate with the jig was placed on the lateral proximal femoral region. Two guide wires were inserted into the femoral neck at 135º and then at 95º under image intensification (Fig. 2) . The neck was drilled over the 95º guide wire first and a 6.5-mm locking neck screw was inserted to counter the collapse. Two 6.5-mm locking neck screws were then inserted at 135º. The remaining 4 locking screws were inserted into the shaft (Fig. 3) . The wound was closed in layers under negative suction drainage.
Antibiotics and analgesics were given as per the hospital protocol. Patients were allowed to perform quadriceps-strengthening exercises the next day. Mobilisation with no weight bearing was allowed, followed by partial weight bearing on crutches or with walking frame after 6 to 8 weeks. Sutures were removed on day 14.
Patients were followed up at weeks 2 and 6 and thereafter monthly for 18 months to assess hip and knee function, limb shortening, callus growth, and fixation defects. Radiological evidence of callus with no tenderness was regarded as bone union. The time to union, medialisation of the shaft, neck-shaft angle, limb shortening, varus collapse, and functional outcome (using the Hospital for Special Surgery: Hip Rating System 1 ) were assessed (Table) . 20 patients in each group were needed to provide 80% power to detect difference between groups with a 5% level of significance. The 2 groups were compared using the Student's t test and Fisher's Exact test were used.
results
Respectively in the locking plate and DHS groups, the mean blood loss volumes were 279 and 286 ml (p=0.167, Student's t test), the mean length of hospital stays were 22 (standard deviation [SD], 10) and 18 (SD, 12) days, the mean times to union were 14.6 (SD, 3.1) and 16.5 (SD, 3.1) weeks (p=0.067, Student's t test), the mean lengths of limb shortening were 0.3 and 1.4 cm (p<0.001, Student's t test), the mean neck shaft angles were 132º and 133º, and the mean normal-side neck shaft angles were 135º and 136º. Medialisation of the shaft occurred in 0 and 15 patients (p<0.0001, Fisher's exact test); varus collapse occurred in 2 and 5 patients (p=0.408, Fisher's exact test); the functional hip score was good-to-excellent in 18 and 11 patients (p=0.031, Fisher's exact test); deep wound infection occurred in 3 and 2 patients; and implant cut-out occurred in one patient in each group.
discussion
Intertrochanteric fractures tend to heal, owing to their vascular, metaphyseal and extrasynovial location. However, they tend to malunite, resulting in shortening, varus, medialisation of the shaft, and external rotation deformity. Thus, it is important to achieve near-anatomic reduction and maintain it till union, but this is not feasible when a DHS is used, as intra-and post-operative collapse may occur and lead to shortening or medialisation of the shaft, especially in unstable intertrochanteric fractures, including fractures with a large posteromedial void, reverse oblique fractures with subtrochanteric extension, 2 and fractures with loss of lateral buttress (greater trochanter). 3 Osteoporotic hips are at high risk of instability and comminution. 4 Stable intertrochanteric fractures have cortical contact after reduction, without a gap medially, posteriorly, and laterally. 5, 6 This contact prevents fracture displacement into varus or retroversion when forces are applied to the proximal femur. 6, 7 However, in unstable intertrochanteric fractures with reverse obliquity, medial displacement of the shaft tends to occur secondary to adductor muscle pull. 8 Fixation using a DHS may lead to implant failure secondary to unimpeded co-axial collapse of the proximal fragment with medialisation of the shaft. The screw may back out of the DHS side plate, owing to increased stresses at the screw plate junction. This problem can be tackled using a non-collapsing implant with a locking neck and shaft screws.
The greater trochanter is the only structure resisting proximal fragment lateralisation when a collapsing extramedullary implant is used. Using a DHS in a fracture without a lateral buttress inevitably leads to medialisation of the shaft, and hence deformity, non-union, and screw cutout. 9 In such fractures, a trochanteric buttress plate or an intramedullary implant may be useful, and the DHS system is not recommended. 10 The use of a single large DHS lag screw 3 for 3 locking screws (each 6.5 mm in diameter, 70 mm in length) placed through the proximal femoral locking plate (2 along 135º and one along 95º). More bone is preserved in fixation using a locking plate.
Peri-operative rupture of the lateral wall while reaming for the DHS lag screw converts a stable intertrochanteric fracture into an unstable one, but this can be avoided by using smaller-diameter drills.
11 When a single DHS lag screw is used, there is either excessive co-axial collapse in unstable intertrochanteric fractures without a lateral wall or excessive bending stress at the lag screw-plate junction (if the screw gets jammed within the barrel). In contrast, multidirectional locking screws decrease the stress concentrated at the screw-plate junction with a 95º screw preventing the collapse.
In unstable intertrochanteric fractures with a large posteromedial void, the proximal fragment tends to go into varus and retroversion despite a good fixation when the posteromedial fragment is not reduced. Using a DHS further increases this risk.
An intramedullary device or a locking plate device with a trochanteric lateral wall buttress can maintain reduction for unstable intertrochanteric fractures until union. Extramedullary devices were similar or superior to intramedullary nails in the treatment of stable trochanteric fractures. 12, 13 The intramedullary nail is associated with complications such as femoral shaft fracture and implant cut-out secondary to the Z-effect. 14 Sliding screws with a trochanteric buttress can prevent lateralisation of the proximal fragment. 14, 15 Even with this trochanteric lateral buttress plate, there is excess stress on the plate screws that prevent medialisation. Hence, locking screws at the screwplate construct are necessary. This plate is designed to have a lateral trochanteric buttress to prevent lateralisation of the proximal fragment.
The proximal femoral locking plate is fixed with many multi-directional smaller diameter screws to hold the head at 95º and 135º directions and to preserve more cancellous bone. The two 135º fully threaded 6.5 mm cancellous screws provide a medial buttress. The trochanteric flange prevents excess lateralisation of the proximal fragment. The two 135º screws and one 95º screw can counter the collapse. All these screws are locking and are inserted through a jig to prevent fracture collapse and medialisation of the shaft by improving the stability of the plate-screw interface.
Limb shortening occurs more frequently when using a DHS, as co-axial collapse along the barrel is due to the proximal metaphyseal posteromedial void. The use of a locking plate prevents the collapse. In unstable intertrochanteric fractures with a large posteromedial void treated with a DHS, varus collapse could occur, owing to the implant breaking off at the neck or the DHS lag screw toggling within the head (Fig. 3) . There was also an increased valgus neck-shaft angle, as the screw moved in the head. All patients in the DHS group were operated on with a short barrel plate, which increased the risk of jamming of the lag screw. In such a situation, a collapsing implant acts as a non-collapsing implant, which further increases the risk of toggling of the screw within the head and can lead to implant cut-out or failure.
The use of the locking plate with non-collapsing screws can prevent varus collapse, but 10% of patients in the locking plate group had varus collapse. This was due to the neck screws not being fully locked or moving within the osteoporotic femoral head, or due to a large posteromedial void (Fig. 4) . Reducing the posteromedial fragment should be attempted whenever possible.
In our study, no patient in the locking plate group showed medialisation of the shaft with lateralisation of the greater trochanter, which was due to the trochanteric buttress flange. 75% of the patients in the DHS group had medialisation of the shaft, particularly in unstable intertrochanteric fractures with a comminuted greater trochanter and in reverse oblique intertrochanteric fractures where the slide continues unobstructed (Fig. 5) .
The amount of medialisation of shaft determines the length of the abductor lever arm. With medialisation, the length of the abductor lever arm decreases and leads to an abductor lurch and affects functional outcome.
The treatment plan for unstable intertrochanteric fractures differs from that for stable fractures. Using an implant with a trochanteric flange decreases lateralisation of the proximal fragment, thereby improving the abductor lever arm. A non-collapsing locking plate helps to maintain reduction until union with less risk of limb shortening or varus collapse. Nonetheless, in osteoporotic unstable intertrochanteric fractures fixed with a locking plate, movement can occur within the head, leading to varus collapse. Further studies on osteoporotic patients with bone mineral density analysis are needed. In osteoporotic patients, the challenge is not only to attain adequate fixation but also to achieve healing with a compromised biology. Some compression at the fracture site can aid bone healing. In some unstable intertrochanteric fractures, there is no lateral buttress against which compression can be achieved when a sliding extramedullary implant is used. Hence, comparing the efficacy of an intramedullary implant with an extramedullary proximal femoral plate is beneficial, especially in osteoporotic patients.
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